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Description

BACKGROUND

[0001] The invention relates to an electrode for elec-
trochemical applications, in particular to an electrode for
membrane electrolysis cells made on a metal support.
[0002] Electrolytic processes carried out in cells sep-
arated by ion-exchange membranes are among the most
relevant industrial electrochemical applications. Some
examples of such applications are the electrolysis of al-
kali chloride brines (chlor-alkali electrolysis), with partic-
ular reference to the electrolysis of sodium chloride brine
for the production of chlorine and caustic soda, and the
electrolysis of hydrochloric acid solutions.
[0003] In the following description, reference will be
made to sodium chloride electrolysis as the most repre-
sentative example in terms of overall production, but the
present invention shall not be understood as limited to
such application.
[0004] In membrane chlor-alkali electrolysis, the anod-
ic compartment of the electrolysis cell is separated from
the cathodic compartment by means of an ion-exchange
membrane. The anodic compartment of the cell is fed
with a sodium chloride brine, for instance at a concen-
tration of about 300 g/l; chlorine evolution takes place on
the anode surface, at a current density usually not above
4 kA/m2, while brine is consequently depleted down to
an outlet concentration usually comprised between 200
and 220 g/l. Sodium ions are transported by the electric
field across the membrane to the cathodic compartment,
where the caustic product is generated at a concentration
usually not higher than 33% by weight. The caustic prod-
uct is then extracted and concentrated by evaporation
outside the cell. Hydrogen evolution also takes place on
the cathode surface. The need of decreasing the capital
investment has led to the design of plants operating at
higher current density: in fact, while older plants usually
work at 3 kA/m2, those of newer construction operate at
about 5 kA/m2. The current trend in plant design is to
further increase such values up to 6 kA/m2 or more. The
evolution of gas in form of bubbles, whose flow-rate in-
creases at increasing current densities, may cause pres-
sure fluctuations potentially dangerous for the mechan-
ical integrity of the membrane: for this reason, the pres-
sure differential across the two compartments is usually
controlled in an accurate fashion and maintained below
3000 Pa, which complicates the cell operation. Moreover,
the product gas has the tendency to build-up between
the membrane and the electrode surfaces facing the
same, increasing the ohmic drop in the contact zone and
locally depleting the chloride-ion concentration due to
poor electrolyte renewal. Brine dilution favours the local
evolution of oxygen with consequent acidification. The
combination of these different aspects (chlorine build-up,
oxygen build-up, depletion of trapped brine, acidification)
accounts for the early deterioration of the membranes,
particularly in form of blister generation especially in cor-

respondence of interstitial zones between anode and
membrane, leading to voltage increase and electrolysis
efficiency decrease. A similar deterioration may also take
place in the interstitial zones between membrane and
cathode: in this case, liquid stagnation leads to an in-
crease in the caustic product concentration, which may
reach a value up to 40-45%. Such a high alkalinity can
damage the membrane chemical structure, with conse-
quent voltage increase going along with the onset of lo-
calised blistering, as described for the anode side.
[0005] A few measures have been proposed to im-
prove brine circulation near the electrode surface in order
to mitigate the problems associated with gas bubble stag-
nation: US 4,608,144 disclosed an anode surface
equipped with vertical parallel channels alternatively di-
rected to brine feed and withdrawal, and further equipped
with horizontal channels of lower section reciprocally
connecting the feed and withdrawal channels. In this way
a forced brine circulation is achieved, somehow prevent-
ing the adhesion of chlorine bubbles. US 5,114,547 dis-
closes an anode aimed at promoting brine circulation at
the membrane-anode interface in order to obviate the
increase in the electrical resistance associated with the
depletion of stagnating brine at the interface by means
of a structure consisting of vertical channels connected
with slanted secondary channels disposed in a herring-
bone pattern. US 2006/0042935 addresses the same
problem by providing an irregular anode surface obtained
by sandblasting or acid etching in order to improve the
brine supply to the anode. While all of the proposed
measures might contribute to some extent to prevent de-
terioration of ion-exchange membranes in the usual proc-
ess conditions, they fail to guarantee an optimal function-
ing in the exasperated process conditions needed to
meet the current market requirements aimed at a higher
cell productivity.
[0006] It would therefore be desirable to have an elec-
trode for membrane electrolytic cells overcoming the lim-
itations of the prior art, particularly as regards the possi-
bility to operate a membrane electrolysis cell with higher
performances in terms of parameters such as membrane
lifetime, higher applicable current density, operative volt-
age, concentration of the caustic product obtained in the
cell, degree of brine utilisation or maximum applicable
pressure differential.

SUMMARY

[0007] The invention is set out in the accompanying
claims.
[0008] One embodiment provides an electrode ob-
tained on a metal substrate having a multiplicity of locally
parallel grooves with a depth of 0.005 to 0.02 mm and a
pitch - defined as the distance between adjacent grooves
- of 0.01 to 0.5 mm.
[0009] By locally parallel grooves it is hereby intended
a multiplicity of grooves, of open or closed shape, running
in parallel at least in part of their length; the path of the
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locally parallel grooves may assume a generally parallel
trend across the whole electrode structure, in straight
lines or with curvatures of any type. In one embodiment,
the electrode surface presents locally parallel grooves
having a closed shape and intersecting one another re-
ciprocally.
[0010] The electrode as hereinbefore defined can be
advantageous in any electrolytic application, especially
for working in direct contact with an ion-exchange mem-
brane; in the case of chlor-alkali electrolysis, the above
electrode can be assembled with its grooved surface in
direct contact with the membrane, with surprisingly ad-
vantageous results both used as the anode and/or as the
cathode. The metal substrate may be made of different
materials, including but not limited to titanium and titani-
um alloys for anode application and nickel, nickel alloys
and stainless steels for cathode application. The sub-
strate geometry can be of any type: as a non limiting
example, the grooved surface can be provided on
punched or expanded sheets, meshes and structures
comprised of parallel strips optionally rotated along the
horizontal axis, also called louvered electrodes.
[0011] The electrode substrate can be provided with a
known catalytic coating on its grooved surface: for in-
stance, when use as anode for chlorine evolution in chlor-
alkali cells is intended, the electrode substrate may be
provided with a coating based on noble metals or oxides
thereof. Electrodes obtained on the substrate as herein-
before defined can be particularly useful in chlor-alkali
electrolysis cells, both as anodes for chlorine evolution
and as cathodes for hydrogen evolution, especially when
assembled with the grooved surface in direct contact with
the membrane. In case of straight grooves running par-
allel across the whole structure, orienting the grooves in
the vertical direction can provide an improved circulation
of electrolyte and gas-bubble release from the surface.
In the case of cells assembled according to the configu-
ration known in the art as zero-gap, wherein both elec-
trodes are in direct contact with the membrane, the in-
ventors observed that manufacturing both the anode and
the cathode on grooved substrates as defined made pos-
sible to operate at current densities largely exceeding 6
kA/m2, up to 10 kA/m2, with totally acceptable cell volt-
ages. Life-tests were also carried out with excellent re-
sults at anolyte concentrations below 200 g/l (in particular
down to 150 g/l), with caustic product concentrations
above 33% (in particular up to 37%) and maintaining
pressure differentials across the two compartments high-
er than 3000 Pa (in particular up to 10000 Pa), conditions
which normally led to a quick deterioration of the mem-
branes when prior art electrodes were employed.
[0012] Without wishing to be limited by any particular
theory, it might be supposed that the electrode obtained
on a grooved substrate as defined allows a particularly
efficient release of the gas bubbles, also in comparison
with grooved electrodes of the prior art, possibly because
the densely packed and shallow grooves favour capillary
transport phenomena as opposed to an electrolyte cir-

culation.
[0013] The electrode as defined can be obtained by
simple and cheap methods such as a superficial erosion
carried out by means of abrasive paper or fabric - option-
ally in a continuous rolling process - lamellar grinding
wheels or grindstones; other techniques include the use
of draw-benches or rolling mills, besides more sophisti-
cated technologies such as laser etching or lithographic
techniques, according to the selected geometry. The ero-
sion by grindstone for instance can be suitable for ob-
taining locally parallel grooves of closed shape and in-
tersecting one another, while a lamellar grinding wheel,
a draw-bench or a rolling mill can be more suitable for
obtaining generally parallel grooves along the whole sur-
face.
[0014] An electrode obtained with the above men-
tioned techniques can allow a sensible cost reduction
compared to other grooved electrodes known in the art
and characterised by a much higher groove depth, which
cannot be obtained by simple abrasion.

EXAMPLE 1

[0015] Six 1 mm thick and 600 mm x 800 mm wide
sheets of titanium grade 1 were degreased and subjected
to an erosion treatment with a lamellar grinding wheel,
obtaining grooves of 0.2 mm pitch on all samples at var-
ious depths; the sheets were expanded according to a
known technique, obtaining a rhomboidal-mesh geome-
try of 10 mm x 5 mm diagonals and 1.6 mm displacement
step. Upon completion of the expansion procedure, the
grooves measured with a profilometer displayed average
depths as reported in table 1:

[0016] Similarly, three 1 mm thick and 600 mm x 800
mm wide sheets of nickel were degreased and subjected
to the same erosion treatment and subsequent expan-
sion, so as to obtain an identical geometry. Upon com-
pletion of the expansion procedure, the grooves meas-
ured with a profilometer displayed average depths as re-
ported in table 2:

TABLE 1

Sample ID Groove depth (mm)

A1 0.003

A2 0.006

A3 0.01

A4 0.02

A5 0.05

A6 0.2

3 4 
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[0017] One sheet of titanium and one of nickel, having
the same size as the previous samples, identified as A0
and C0 respectively, were subjected to the same expan-
sion treatment as the above samples, after sandblasting
with corundum and subsequent etching in HCl as known
in the art; no additional abrasive treatment was effected
on these samples.
[0018] All titanium samples were subsequently coated
with a ruthenium and titanium oxide-based catalyst for
anodic evolution of chlorine, with an overall catalyst load-
ing of 12 g/m2. A new check of the groove depth did not
show any significant variation introduced by the coating
step.

EXAMPLE 2

[0019] All samples prepared in the previous example
were cut into 150 mm x 200 mm wide pieces and char-
acterised, coupled in various combinations, in a multiple
bench for chlor-alkali electrolysis accelerated lifetime
tests. Each station of the multiple bench was equipped
with one membrane electrolysis cell suitable for accom-
modating one anode and one cathode of 1 mm thickness
in direct contact with a reference sulphonic/carboxylic
double layer membrane (Nafion® 982 produced by Du-
Pont, U.S.A.). The electrode samples of tables 1 and 2
were assembled with vertically oriented grooves. The life-
time test was carried out simultaneously starting-up all
cells with the various combinations of anodes and cath-
odes at process conditions much more severe than the
common industrial practice, determining the time of ion-
exchange membrane decay, defined as the time required
for the cell voltage to increase by 0.5 V with respect to
the initial value at the process current density.
[0020] Process conditions were set as follows:

- brine concentration at the anodic compartment out-
let: 150 g/l

- concentration by weight of product caustic soda:
37%

- pressure differential across the two compartments:
5000 Pa

- current density: 12 kA/m2

[0021] The results obtained are reported in table 3:

TABLE 2

Sample ID Groove depth (mm)

C1 0.002

C2 0.01

C3 0.05

EXAMPLE 3

[0022] An electrolysis cell as in example 2, equipped
with an anode sample A4 and a cathode sample C2, and
a second analogous electrolysis cell equipped with a non-
grooved anode sample A0 and a non-grooved cathode
sample C0 were subjected to a lifetime test at process
conditions sensibly more severe than the common indus-
trial practice.
[0023] Process conditions were set as follows:

- brine concentration at the anodic compartment out-
let: 180 g/l

- concentration by weight of product caustic soda:
35%

- pressure differential across the two compartments:
4000 Pa

- current density: 10 kA/m2

TABLE 3

Test number Anode Cathode Duration (h)

1 A0 C0 514

2 A0 C0 562

3 A0 C2 580

4 A0 C3 565

5 A1 C0 729

6 A2 C0 904

7 A3 C0 1213

8 A4 C0 1417

9 A5 C0 866

10 A6 C0 578

11 A2 C1 940

12 A3 C1 1283

13 A4 C1 1646

14 A5 C1 1108

15 A1 C2 887

16 A2 C2 959

17 A3 C2 1682

18 A4 C2 1704

19 A5 C2 1011

20 A6 C2 622

21 A3 C3 1088

22 A4 C3 1544

23 A3 C1 1305

24 A4 C1 1593

5 6 
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[0024] After about 900 hours of testing, the cell
equipped with electrode samples A0 and C0 had to be
shut down because the progressive deterioration of the
membrane had caused a strong increase in the cell volt-
age, which attained high values strongly fluctuating in
time. The cell disassembly evidenced a general forma-
tion of blisters on the surface, with a higher population in
correspondence of the brine exhaust outlet nozzle, where
an incipient local delamination of the two layers of the
membrane could also be observed.
[0025] The cell equipped with anode A4 and cathode
C2 was dismantled after 2400 hours of continuous testing
at practically constant voltage. Upon disassembling the
cell, no particular phenomenon of membrane deteriora-
tion was observed.
[0026] The previous description shall not be intended
as limiting the invention, which may be practised accord-
ing to different embodiments without departing from the
scopes thereof, and whose extent is solely defined by
the appended claims.
[0027] Throughout the description and claims of the
present application, the term "comprise" and variations
thereof such as "comprising" and "comprises" are not
intended to exclude the presence of other elements or
additives.
[0028] The discussion of documents, acts, materials,
devices, articles and the like is included in this specifica-
tion solely for the purpose of providing a context for the
present invention. It is not suggested or represented that
any or all of these matters formed part of the prior art
base or were common general knowledge in the field
relevant to the present invention before the priority date
of each claim of this application.

Claims

1. Electrolysis cell comprising an ion-exchange mem-
brane and at least one electrode in direct contact
with said ion-exchange membrane, said electrode
comprising a metal substrate having at least one sur-
face equipped with a multiplicity of locally parallel
grooves, the depth of said grooves ranging from
0.001 to 0.1 mm and the distance between adjacent
grooves ranging from 0.1 to 0.5 mm.

2. The electrolysis cell according to claim 1 wherein
said depth of said grooves ranges from 0.005 to 0.02
mm.

3. The electrolysis cell according to claim 1 or 2 wherein
said grooves are generally parallel along the whole
surface or wherein said locally parallel grooves are
intersecting one another.

4. The electrolysis cell according to any one of the pre-
ceding claims wherein the material of said electrode
substrate is selected from the group consisting of

titanium and alloys thereof, nickel and alloys thereof,
stainless steel.

5. The electrolysis cell according to any one of the pre-
ceding claims wherein said electrode substrate has
a geometry selected from the group consisting of
punched or expanded sheets, meshes and louvered
structures.

6. The electrolysis cell according to any one of the pre-
ceding claims wherein said electrode further com-
prises a catalytic coating applied to said surface pro-
vided with grooves, said catalytic coating preferably
comprises noble metals or oxides thereof.

7. The electrolysis cell according to any one of the pre-
ceding claims wherein said at least one electrode is
assembled with said grooves generally parallel
along the whole surface oriented in a mostly vertical
direction.

8. Method for manufacturing an electrolysis cell ac-
cording to any one of claims 1 to 7 comprising the
step of forming said multiplicity of grooves on said
metal substrate of said electrode by continuous ero-
sion,

9. The method according to claim 8 wherein said ero-
sion is carried out continuously by means of at least
one device selected from the group of rollers of abra-
sive paper or fabric, grindstones and lamellar grind-
ing wheels or wherein said erosion is carried out by
means of a draw-bench or a rolling mill.

10. Process of electrolysis of an alkali chloride brine car-
ried out by applying direct electric current in a mem-
brane electrolysis cell according to any one of claims
1 to 7 comprising the step of evolving a gaseous
product on the surface of said at least one electrode.

11. The process according to claim 10, wherein said gas-
eous product is anodically-evolved chlorine or ca-
thodically-evolved hydrogen.

12. The process according to any one of claims 10 to 11
wherein the density of said direct electric current is
at least 5 kA/m2.

13. The process according to any one of claims 10 to 12
wherein the pressure differential across the mem-
brane of the electrolysis cell is at least 3000 Pa.

14. The process according to any one of claims 10 to 13
wherein the concentration of said brine at the anodic
compartment outlet is at most 200 g/l.

15. The process according to any one of claims 10 to 14
wherein a caustic solution at a weight concentration

7 8 
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of at least 33% is produced at the cathodic compart-
ment.

Patentansprüche

1. Elektrolysezelle, umfassend eine Ionenaustau-
schermembrane und wenigstens eine Elektrode, die
in direktem Kontakt mit der Ionenaustauschermem-
brane steht, wobei die Elektrode ein Metallsubstrat,
das wenigstens eine Oberfläche mit einer Vielzahl
lokal paralleler Rillen aufweist, umfasst, wobei die
Rillen eine Tiefe im Bereich von 0,001 bis 0,1 mm
aufweisen und der Abstand benachbarter Rillen im
Bereich von 0,1 bis 0,5 mm liegt.

2. Elektrolysezelle nach Anspruch 1, dadurch ge-
kennzeichnet, dass die Rillen eine Tiefe im Bereich
von 0,005 bis 0,02 mm aufweisen.

3. Elektrolysezelle nach einem der Ansprüche 1 oder
2, dadurch gekennzeichnet, dass die Rillen im
Wesentlichen parallel über die gesamte Oberfläche
angeordnet sind, oder dass die lokal parallelen Rillen
sich gegenseitig schneiden.

4. Elektrolysezelle nach einem der vorhergehenden
Ansprüche, dadurch gekennzeichnet, dass das
Material des Elektrodensubstrats ausgewählt ist un-
ter Titan und Legierungen daraus, Nickel und Legie-
rungen daraus, rostfreiem Stahl.

5. Elektrolysezelle nach einem der vorhergehenden
Ansprüche, dadurch gekennzeichnet, dass das
Elektrodensubstart eine Geometrie, die unter ge-
lochten oder gestreckten Blechen, Geweben und la-
mellenartigen Strukturen ausgewählt ist, aufweist.

6. Elektrolysezelle nach einem der vorhergehenden
Ansprüche, dadurch gekennzeichnet, dass die
Elektrode zusätzlich eine auf die mit Rillen ausge-
stattete Oberfläche aufgebrachte, katalytische Be-
schichtung aufweist, und dass die katalytische Be-
schichtung vorzugsweise Edelmetalle oder deren
Oxide umfasst.

7. Elektrolysezelle nach einem der vorhergehenden
Ansprüche, dadurch gekennzeichnet, dass die
wenigstens eine Elektrode mit den im Wesentlichen
über die gesamte Oberfläche parallelen, in einer
hauptsächlich vertikalen Richtung ausgerichteten
Rillen ausgestattet ist.

8. Verfahren zur Herstellung einer Elektrolysezelle
nach einem der Ansprüche 1 bis 7, umfassend einen
Schritt, in dem die Vielzahl der Rillen auf dem Me-
tallsubstrat der Elektrode durch kontinuierliche Ero-
sion ausgebildet wird.

9. Verfahren nach Anspruch 8, dadurch gekenn-
zeichnet, dass die Erosion kontinuierlich mittels we-
nigstens einer Einrichtung, die unter Walzen aus ab-
rasivem Papier oder Fasern, Schleifsteinen und la-
mellenförmigen Schleifscheiben ausgewählt ist,
durchgeführt wird, oder dass die Erosion mittels ei-
ner Ziehbank oder eines Walzwerkes durchgeführt
wird.

10. Verfahren zur Elektrolyse einer Alkalichlorid-Lauge,
ausgeführt durch das Anlegen eines direkten elek-
trischen Stromes in einer Membranelektrolysezelle
nach einem der Ansprüche 1 bis 7, umfassend einen
Schritt, in dem sich ein gasförmiges Produkt an der
Oberfläche der wenigstens einen Elektrode entwik-
kelt.

11. Verfahren nach Anspruch 10, dadurch gekenn-
zeichnet, dass es sich bei dem gasförmigen Pro-
dukt um an der Anode gebildetes Chlor oder um an
der Kathode gebildeten Wasserstoff handelt.

12. Verfahren nach einem der Ansprüche 10 oder 11,
dadurch gekennzeichnet, dass die Dichte des di-
rekten elektrischen Stromes mindestens 5 kA/m2 be-
trägt.

13. Verfahren nach einem der Ansprüche 10 bis 12, da-
durch gekennzeichnet, dass die Druckdifferenz an
der Membrane der Elektrolysezelle mindestens
3000 Pa beträgt.

14. Verfahren nach einem der Ansprüche 10 bis 13, da-
durch gekennzeichnet, dass die Konzentration
der Lauge am Auslass des Anodenraums höchstens
200 g/l beträgt.

15. Verfahren nach einem der Ansprüche 10 bis 14, da-
durch gekennzeichnet, dass eine Laugenlösung
mit einer Gewichtskonzentration von wenigstens 33
% im Kathodenraum gebildet wird.

Revendications

1. Cellule d’électrolyse comprenant une membrane
échangeuse d’ions et au moins une électrode en
contact direct avec ladite membrane échangeuse
d’ions, ladite électrode comprenant un substrat mé-
tallique qui présente au moins une surface munie de
plusieurs rainures localement parallèles, la profon-
deur desdites rainures étant comprise entre 0,001
et 0,1 mm et la distance entre les rainures adjacentes
étant comprise entre 0,1 et 0,5 mm.

2. Cellule d’électrolyse selon la revendication 1, dans
laquelle ladite profondeur desdites rainures est com-
prise entre 0,005 et 0,02 mm.

9 10 
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3. Cellule d’électrolyse selon la revendication 1 ou 2,
dans laquelle lesdites rainures sont généralement
parallèles le long de toute la surface ou dans laquelle
lesdites rainures localement parallèles se coupent
entre elles.

4. Cellule d’électrolyse selon l’une quelconque des re-
vendications précédentes, dans laquelle le matériau
dudit substrat d’électrode est sélectionné dans le
groupe composé du titane et d’alliages de celui-ci,
du nickel et d’alliages de celui-ci, et de l’acier inoxy-
dable.

5. Cellule d’électrolyse selon l’une quelconque des re-
vendications précédentes, dans laquelle ledit subs-
trat d’électrode a une géométrie sélectionnée dans
le groupe composé de feuilles perforées ou expan-
sées, de grilles et de structures à fentes.

6. Cellule d’électrolyse selon l’une quelconque des re-
vendications précédentes, dans laquelle ladite élec-
trode comprend en outre un revêtement catalytique
déposé sur ladite surface munie de rainures, ledit
revêtement catalytique comprenant de préférence
des métaux nobles ou des oxydes de ceux-ci.

7. Cellule d’électrolyse selon l’une quelconque des re-
vendications précédentes, dans laquelle ladite élec-
trode, au moins au nombre de une, est assemblée
avec lesdites rainures, généralement parallèles le
long de toute la surface, orientées dans une direction
essentiellement verticale.

8. Procédé de fabrication d’une cellule d’électrolyse se-
lon l’une quelconque des revendications 1 à 7, com-
prenant l’étape consistant à former ladite multiplicité
de rainures sur ledit substrat métallique de ladite
électrode par érosion continue.

9. Procédé selon la revendication 8, dans lequel ladite
érosion est réalisée en continu au moyen d’au moins
un dispositif sélectionné dans le groupe de rouleaux
de papier ou de tissu abrasif, de meules et de meules
à lamelles, ou dans lequel ladite érosion est réalisée
au moyen d’un banc d’étirage ou d’un laminoir.

10. Procédé d’électrolyse d’une saumure de chlorure al-
calin, réalisé en appliquant un courant électrique
continu dans une cellule d’électrolyse à membrane
selon l’une quelconque des revendications 1 à 7,
comprenant l’étape de dégagement d’un produit ga-
zeux sur la surface de ladite électrode, au moins au
nombre de une.

11. Procédé selon la revendication 10, dans lequel ledit
produit gazeux est du chlore dégagé au niveau de
l’anode ou de l’hydrogène dégagé au niveau de la
cathode.

12. Procédé selon l’une des revendications 10 ou 11,
dans lequel la densité dudit courant électrique con-
tinu est au moins égale à 5 kA/m2.

13. Procédé selon l’une quelconque des revendications
10 à 12, dans lequel le différentiel de pression à tra-
vers la membrane de la cellule d’électrolyse est au
moins égal à 3 000 Pa.

14. Procédé selon l’une quelconque des revendications
10 à 13, dans lequel la concentration de ladite sau-
mure au niveau de la sortie du compartiment anodi-
que est au plus égale à 200 g/l.

15. Procédé selon l’une quelconque des revendications
10 à 14, dans lequel une solution caustique à une
concentration en poids au moins égale à 33 % est
produite au niveau du compartiment cathodique.
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